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(57) Data of an input data seri es is written into a first 
interleaver. The data is read out column by column or 
row by row from the first interleaver and written into a 
plurality of second interleavers column by column or row 
by row. The data is read from each of the second inter- 
leavers and written into one or a plurality of third inter- 
leavers as necessary. The operation is repeated once or 
a plurality of times, thereby reading the data from each 
of the interleavers and generating a data series. Inter- 
leaving is carried out by generating interleaving patterns 
with a plurality of interleaving patterns. Further, an inter- 
leaving pattern suitable for turbo encoding or transmis- 
sion is generated. 
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INTERLEAVING METHOD, INTERLEAVING APPARATUS, AND RECORDING 
MEDIUM IN WHICH INTERLEAVE PATTERN GENERATING PROGRAM IS 
RECORDED 

Description of EP0952673 



TECHNICAL FIELD 



[0001] The present invention generally relates to an interleaving technology for improving error correction 
ability of an error correction code for burst error. More particularly, the present invention relates to an 
interleaving method, an interleaving device, and a medium which stores an interleaving pattern generating 
program for improving the effect of the interleaving by increasing the degree of data randomizing. 



BACKGROUND ART 



[0002J In digital transmissions of such as a mobile communications system, the level of received signals 
varies largely overtime by a multipath fading caused by reflections from a building and the like. Therefore, 
a digital error, such as a burst error, may occur. In addition, in a storing medium of digital systems, such 
as a compact disc or a hard disk, a digital error such as a burst error may occur due to a scratch, dust or 
the like on the reading surface of the medium. Thus, various error correction codes are used by various 
systems. In such an error correction code, for improving the correction ability with respect to the burst 
error, an interleaving technology is used in concert with the error correction code. The correction ability of 
the error correction code when a burst error exists depends on the interleaving technology. 

[0003] In addition, a turbo encoder which uses a high-ability error correction code which has been 
proposed in recent years includes a plurality of encoders, and each encoder is connected to each other 
through an interieaver (which carries out interleaving processing), for decreasing the degree of correlation 
of redundancy system between the encoders. The interieaver is very important for determining the ability 
of the turbo code. 

[0004] Therefore, an interleaving method applicable for turbo encoding and transmission systems such as 
the above-mentioned mobile communication systems using the above mentioned interieaver are required. 

[0005] As is well known to a person skilled in the art, the purpose of the interleaving method is to 
randomize the bit sequence of an input bit series and the bit sequence of an output bit series. The 
following viewpoint can be used as criteria for evaluating the ability of the interleaving method. 

(1) How far apart two successive input bits can be separated in the output series. 

(2) How far apart two successive output bits are separated in the input series. 



[0006] Fig.1 shows a block interleaving method as a conventional interleaving method. 

[0007] As shown in Fig.1, data 100 of one frame includes 1152 bits. A matrix 110 has a buffer of N x M (N 
rows and M columns). The interleaving method is realized such that M bit data is written in the direction of 
the row, for example, like a vector 115 shown as a diagonally shaded area A, and N bit data is read out in 
the direction of the column shown as a diagonally shaded area B. By evaluating the interleaving method in 
terms of the above mentioned criteria, it is recognized that 

(1) two successive input bits can not be separated farther apart than N bits in an interleaved output series 
130, and 

(2) two successive output bits are separated as far apart as at least M bits in the input series. 



[0008] However, in the above-mentioned interleaving method, an input bit series is written in the row 
direction in order of time in the input bit series, and the written data is read out in the column direction also 
in order of time in the input bit series. Therefore, data is written/read only once in order of time in each of 
the processes. Therefore, the effect of the interleaving is low, and the performance of the randomizing is 
limited to the above-mentioned degree even with the NxM buffer. 
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DISCLOSURE OF THE INVENTION 



[0009] The present invention is achieved in view of the above-mentioned points. A first objective of the 
present invention is to provide an interleaving method for improving the effect of the interleaving, 
comparing with the case of reading and writing one by one in order of time, by applying a process of 
changing a sequence repeatedly after carrying out a process of reading or writing to a buffer once. 

[0010] To achieve the above-mentioned objective, according to the present invention, an interleaving 
method for inputting a data series of a unit length and outputting an interleaved series of the unit length, 
includes: 

a first step of writing data of the data series to a first interieaver, reading out the data column by column or 
row by row from the first interleaves and writing the data to a plurality of second interleaves; 
a second step of reading out the data from each of the second interleavers, and writing the data to one or 
a plurality of third interleavers as necessary, and 

reading out the data from each of interleavers generated by repeating the second step once or a plurality 
of times or from each of interleavers generated by the first step, and outputting a data series. 



[001 1] The above-mentioned invention may be configured such that an interleaving method for inputting a 
data series of a unit length and outputting an interleaved series of the unit length, includes: 

a first step of writing the data series to a first interieaver in one direction; 

a second step of reading out column data or row data from the first interieaver, writing the read out data to 
a second interieaver, which has a size different from a size of the first interieaver, in one direction, and 
repeating the reading out column data or row data and the writing the read out data column by column or 
row by row; 

repeating a third step of performing the second step wherein each of a plurality of the second interleavers 
generated by the second step is regarded as the first interieaver, and 

reading out data from each of interleavers generated by repeating the third step or by performing the 
second step, and outputting a data series. 



[0012] The above-mentioned interleaving method may be configured such that an interleaving method for 
inputting a data series of a unit length and outputting an interleaved series of the unit length, includes: 

a first step of writing the data series to a first interieaver in one direction; 

a second step of reading out column data or row data from the first interieaver, writing the read out data to 
a second interieaver, which has a size different from a size of the first interieaver, in one direction, and 
repeating the reading out column data or row data and the writing the read out data column by column or 
row by row; 

a third step of reading out data column by column or row by row from each of interleavers generated by 
the second step, and writing the data to an interieaver which has a size the same as the size of the first 
interieaver, and 

reading out data from the interieaver generated by the third step, and outputting a data series. 



[0013] In the above configuration, the interleaving method includes: 

a fourth step of performing the second step and the third step wherein the interieaver generated by the 
third step is regarded as the first interieaver, reading out data from an interieaver generated by repeating 
the fourth step once or a plurality of times, and outputting a data series. 



[0014] The interleaving method may be configured such that an interleaving method for inputting a data 
series of a unit length and outputting an interleaved data series of the unit length, includes: 

storing a plurality of interleaving patterns in a table beforehand; 

applying one of the interleaving patterns to the input data series by referring to the table and outputting 
data, and 

repeating a step of applying one of the interleaving patterns to the output data, and outputting the 
interleaved data series. 
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[0015] In the above mentioned configuration, an interleaving pattern is stored in the table according to the 
interleaving method as claimed in one of claims 1-4. 

[0016] According to the above mentioned invention, because a process of changing sequence is applied 
repeatedly after carrying out a process of reading or writing to a buffer once, the effect of interleaving can 
be improved comparing with the case of reading and writing one by one in order of time. 

[001 7] The second objective of the present invention is to provide an interleaving method for supporting 
various interleaving flexibly with decreased data amount necessary for the interleaving. 

[0018] To achieve the above mentioned objectives, according to the present invention, a method for 
generating an interleaving pattern description of an interleaving pattern for interleaving an input data 
series of a unit length and outputting an interleaved data series of the unit length, includes: 

generating the interleaving pattern description of a third unit by using an interleaving pattern description of 
a first unit and an interleaving pattern description of a second unit. 



[0019] The present invention generates an interleaving pattern description of a predetermined length unit 
by using the interleaving pattern description generation method as claimed in claim 7. 

[0020] In the above configuration, the interleaving pattern description is an interleaving pattern table or an 
interleaving pattern equation which describes an interleaving pattern. 

[0021] The interleaving method of the present invention may be configured such that an interleaving 
method for inputting a data series of a unit length and outputting an interleaved data series of the unit 
length, includes: 

generating an interleaving pattern description of a third unit by using an interleaving pattern description of 
a first unit and an interleaving pattern description of a second unit, and 
interleaving with the generated interleaving pattern description. 



[0022] Further, the interleaving method of the present invention may be configured such that an 
interleaving method for inputting a data series of a unit length and outputting an interleaved data series of 
the unit length, includes: 

calculating interleaving destinations in a series of a third unit with an interleaving pattern description of a 
first unit and an interleaving pattern. description of a second unit, and 
interleaving with the result of the calculation. 



[0023] Further, the interleaving method includes: 

generating an interleaving pattern description of a first unit and an interleaving pattern description of a 
second unit by using the interleaving pattern description generated by the method, 

interleaving a data series of a third unit by calculating from the interleaving pattern description of a first unit 
and the interleaving pattern description of a second unit. 



[0024] Further, that the interleaving pattern description is an interleaving pattern table or an interleaving 
pattern equation which describes an interleaving pattern. 

[0025] According to the above mentioned present invention, by generating the interleaving pattern 
description, for example, from one interleaving pattern table (in the case of A=B), or from two interleaving 
pattern tables, an interleaving pattern table which has a larger interleaving length can be generated. Thus, 
a pattern of a certain interleaving length can be represented by a combination of a plurality of patterns of 
smaller interleaving lengths. Therefore, memory amount for fixed length patterns can be decreased. For 
example, conventionally, in the case of using an interleaving pattern table for 1000 bits, a memory for 
1000 bits is necessary. According to the present invention, by representing the interleaving pattern table 
for 1000 bits with a 20 bit interleaving pattern table and a 50 bit interleaving pattern table, the memory can 
be decreased to an amount for 70 (=20 + 50) bits. In addition, by representing an interleaving pattern table 
900 bits with a 20 bit interleaving pattern table x a 50 bit interleaving pattern table, interleaving for 1000 
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bits and 900 bits are possible without enlarging the fixed length interleaving pattern table. 

[0026] A method according to the present invention may be configured such that a method for generating 
an interleaving pattern description of an interleaving pattern for interleaving an input data series of a unit 
length and outputting an interleaved data series of the unit length, includes: 

interpreting an interleaving pattern description language which defines an interleaving pattern, and 
generating an interleaving pattern description by using the method as claimed in claim 9 on the basis of 
the interpretation. 



[0027] In the above configuration, if an interleaving pattern description corresponding to a part of the 
interleaving pattern description language is stored, the interleaving pattern description is generated with 
reference to the stored interleaving pattern description without performing a process corresponding to the 
part of the interleaving pattern description language, when generating an interleaving pattern. 

[0028] Further, the interleaving method includes: 

interpreting an interleaving pattern description language which defines an interleaving pattern, and 
interleaving by the method as claimed in claim 13 on the basis of the interpretation. 



[0029] In the above configured interleaving method, if an interleaving pattern description corresponding to 
a part of the interleaving pattern description language is stored, the interleaving pattern description is 
generated with reference to the stored interleaving pattern without performing a process corresponding to 
the part of the interleaving pattern description language, when interleaving. 

[0030] The present invention may be configured such that a method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an input data series of a unit length and outputting an 
interleaved data series of the unit length, includes: 

determining an interleaving pattern description of a first stage when a unit length is given, and 
generating an interleaving pattern description by repeating a process of determining interleaving patterns 
corresponding to interleavers of a column and a row of a stage after the first stage until reaching any stage 
or until becoming unable to interleave. 



[0031] Further, the present invention may be configured such that a method for generating an interleaving 
pattern description of an interleaving pattern for interleaving an input data series of a unit length and 
outputting an interleaved data series of the unit length, includes: 

checking an interleaving pattern description which is generated; 

generating an interleaving pattern description again after changing all or a part of parameters if the result 
of the checking is unsuccessful, and 

repeating the checking and the generation until the result of the checking becomes successful so as to 
generate an interleaving pattern description which passed the checking. 



[0032] In the above configured interleaving pattern description generation method, the interleaving pattern 
description which is generated is an interleaving pattern table or an interleaving pattern equation or an 
interleaving pattern description language. 

[0033] According to the above mentioned present invention, various interleaving can be supported flexibly 
with decreased data amount necessary for the interleaving. 

[0034] The third objective of the present invention is to provide a method for applying the interleaving 
method to a transmission system device, a turbo encoder, or the like, and to provide the devices such as 
the transmission system device and the encoder, and a medium storing an interleaving pattern generating 
program suitable for a target. 

[0035] To achieve the above objectives, the present invention may be configured such that a method for 
generating an interleaving pattern description of an interleaving pattern for interleaving an input data 
series of a unit length and outputting an interleaved data series of the unit length, includes: 

a step of determining, when a unit length is given, the number of rows or columns of a block interleaver 
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corresponding to the unit length by using an interleaving pattern list suitable for a predefined application 
target and defining the number of columns or rows from the determined number of rows or columns, and 
generating an interleaving pattern of the unit length from interleaving patterns obtained by repeating the 
step until the defined number of columns or the defined number of rows is defined in the interleaving 
pattern list. 



[0036] In the above configuration, the method includes: 

a first step, which is a process of a first stage, of determining the number of rows or the number of 
columns of a block interleaver corresponding to a unit length which is given beforehand by a defined 
number, assuming an interleaving pattern corresponding the defined number as a predefined interleaving 
pattern, and defining the number of rows by using the determined number of columns or defining the 
number of columns by using the determined number of rows; 

a second step of determining the number of rows or the number of columns of a block interleaver 
corresponding to the defined number of rows or the defined number of columns by using an interleaving 
pattern list suitable for predefined application target, and defining the number of columns from the 
determined number of rows or defining the number of rows from the determined number of columns; 
a third step of repeating the second step until an interleaving pattern corresponding to the number of rows 
or columns exists in the predefined interleaving pattern list; 

performing the third step a number of times equal to the number of rows or columns corresponding to the 
predefined interleaving pattern in the first step, and 

generating an interleaving pattern corresponding to the row or the column of a former stage sequentially 
from an interleaving pattern corresponding to the row and the column which is generated in a final stage. 



[0037] Further, in the above configuration, the generated interleaving pattern of the unit length is checked 
and an interleaving pattern of the unit length is generated again according to the result of the checking. 

[0038] Further, in the above configuration, the application target is turbo code and the number of rows of 
the first stage is 7. 

[0039] Further, in the above configuration, the application target is transmission and the number of 
columns of the first stage is the number of slots of one frame. 

[0040] According to the above mentioned invention, an interleaving pattern suitable for turbo encoding and 
a transmission system, and the like. 

[0041] To achieve the above mentioned objectives, an interleaving device for inputting a data series of a 
unit length and outputting interleaved data series of the unit length, includes: 

means which stores one or a plurality of interleaving patterns in a table beforehand; 

means which outputs data by applying one of the plurality of interleaving patterns, and 

means which outputs the output data by further applying one of the plurality of interleaving patterns as 

necessary. 



[0042] In the above configuration, the table stores an interleaving pattern by the interleaving method as 
claimed in one of claims 1-4. 

[0043] Further, in the above configuration, the interleaving pattern is generated by the interleaving pattern 
generating method as claimed in claim 21. 

[0044] Further, in the interleaving device, interleaving destinations of an input data series are calculated, 
and the interleaving is performed on the basis of the calculation and data is output instead of using an 
interleaving pattern. 

[0045] According to the above mentioned invention, a device for carrying out interleaving processes can 
be provided, particularly, a device suitable for turbo encoding and transmission, and the like. 

[0046] To achieve the above mentioned objectives, according to the present invention, a computer 
readable medium storing a program for description and generation of an interleaving pattern in an 
interleaving method for inputting a data series of a unit length and outputting an interleaved series of the 
unit length, includes: 
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a step of determining the number of rows or columns of a block interleaver corresponding to a unit length 
which is given beforehand by using an interleaving pattern list suitable for a predefined application target 
and defining the number of columns from the determined number of rows or the number of rows from the 
determined number of columns, and 

generating an interleaving pattern of the unit length from interleaving patterns obtained by repeating the 
step until the defined number of columns or the defined number of row is defined in the interleaving 
pattern list. 



[0047] Further, in the above configuration, the program includes: 

a first step, which is a process of a first stage, of determining the number of rows or the number of 
columns of a block interleaver corresponding to a unit length which is given beforehand by a defined 
number, assuming an interleaving pattern corresponding the defined number as a predefined interleaving 
pattern, and defining the number of rows by using the determined number of columns or defining the 
number of columns by using the determined number of rows; 

a second step of determining the number of rows or the number of columns of a block interleaver 
corresponding to the defined number of rows or the defined number of columns by using an interleaving 
pattern list suitable for a predefined application target, and defining the number of columns from the 
determined number of rows or defining the number of rows from the determined number of columns; 
a third step of repeating the second step until an interleaving pattern corresponding to the number of rows 
or columns exists in the predefined interleaving pattern list; 

performing the third step a number of times equal to the number of rows or columns corresponding to the 
predefined interleaving pattern in the first step, and 

generating an interleaving pattern corresponding to the row or the column of a former stage sequentially 
from an interleaving pattern corresponding to the row and the column which is generated in a final stage. 



[0048] In the above configuration, in the computer readable medium storing a program for generation of an 
interleaving pattern of the present invention, the generated interleaving pattern of the unit length is 
checked and an interleaving pattern of the unit length is generated again according to the result of the 
checking. 

[0049] Further, in the computer readable medium storing a program for generation of an interleaving 
pattern of the present invention, the application target is turbo code and the number of rows of the first 
stage is 7. 

[0050] Further, in the computer readable medium storing a program for generation of an interleaving 
pattern of the present invention, the application target is transmission and the number of columns of the 
first stage is the number of slots of one frame. 

[0051] According to the above mentioned invention, a medium storing a program for generating an 
interleaving pattern can be provided, particularly, a medium storing a program for generating an 
interleaving pattern suitable for turbo encoding, transmission and the like can be provided. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig.1 is a diagram showing a conventional interleaving method. 

Fig.2 is a diagram showing an interleaving method according to a first embodiment of the present 
invention. 

Fig. 3 is a diagram showing the interleaving method according to the first embodiment of the present 
invention. 

Fig.4 is a diagram showing the interleaving method according to a second embodiment of the present 
invention. 

Fig.5 is a diagram showing the interleaving method according to a third embodiment of the present 
invention. 

Fig. 6 is a diagram showing the interleaving method according to a fourth embodiment of the present 
invention. 

Fig. 7 is a diagram showing the interleaving method according to a fifth embodiment of the present 
invention. 

Fig. 8 is a diagram showing that L=64-bit length data is written in a block interleaver of 8 bits x 8 bits. 
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Fig. 9 is a diagram showing a 
Fig. 10 is a diagram showing 
Fig. 11 is a diagram showing 
Fig. 12 is a diagram for expla 
Fig. 13 is a diagram for expla 
present invention. 
Fig. 14 is a diagram for expla 
present invention. 
Fig. 15 is a diagram for expla 
present invention. 
Fig. 16 is a diagram for expla 
present invention. 
Fig. 17 is a diagram for expla 
present invention. 
Fig. 18 is a diagram for expla 
invention. 

Fig. 19 is a diagram for expla 
present invention. 
Fig.20 is a diagram for expla 
present invention. 
Fig.21 is a diagram for expla 
present invention. 
Fig.22 is a diagram for expla 
present invention. 
Fig.23 is a diagram for expla 
Fig. 24 is a diagram for expla 

Fig. 25 is a diagram for explai 

Fig.26 is a diagram for explai 



first case of interleaving by a symbol unit, 
a second case of interleaving by a symbol unit, 
a third case of interleaving by a symbol unit, 
ning an interleaving process. 

ning an interleaving process according to a seventh embodiment of the 

ning an interleaving process according to the seventh embodiment of the 

ning an interleaving process according to the seventh embodiment of the 

ning an interleaving process according to an eighth embodiment of the 

ning an interleaving process according to the eighth embodiment of the 

ning an interleaving process according to a ninth embodiment of the present 

ning an interleaving process according to the ninth embodiment of the 

ning an interleaving process according to the ninth embodiment of the 

ning an interleaving process according to the ninth embodiment of the 

ning an interleaving process according to the ninth embodiment of the 

ning an example of definition of an interleaving pattern description language, 
ning an example of definition of the interleaving pattern description language. 

ning an example of definition of the interleaving pattern description language. 

ning an example of definition of the interleaving pattern description language. 



ning an example of realizing interleaving in the case of using the interleaving 
ning an example of realizing interleaving in the case of using the interleaving 
ning an example of realizing interleaving in the case of using the interleaving 
ning an example of realizing interleaving in the case of using the interleaving 
ning an example of realizing interleaving in the case of using the interleaving 



Fig.27 is a diagram for expla 
pattern description language 
Fig.28 is a diagram for expla 
pattern description language 
Fig.29 is a diagram for expla 
pattern description language 
Fig. 30 is a diagram for expla 
pattern description language 
Fig. 31 is a diagram for expla 
pattern description language 
Fig. 32 is a diagram showing a process flow for generating an interleaving pattern. 
Fig. 33 is a flowchart showing a process for determining the generated interleaving pattern. 
Fig. 34 is a block diagram for explaining an example of a configuration of a turbo encoder. 
Fig. 35 is a block diagram for explaining an example of a configuration of a mobile radio transmitter- 
receiver. 

Fig. 36 is a diagram showing an example of deinterleaving. 
Fig. 37 is a diagram showing an example of deinterleaving. 

Fig. 38 is a flowchart for explaining generation of an interleaving pattern suitable for turbo code. 

Fig. 39 is a diagram showing details of the determining process of the interleaving pattern. 

Fig. 40 is a table showing a list of predetermined interleaving patterns used for the determining process of 

the interleaving pattern. 

Fig. 41 is a diagram showing details of a generation process of an interleaving pattern by a multistage 
interleaving method. 

Fig. 42 is a diagram for explaining a first stage of the generation process of the interleaving pattern. 
Fig. 43 shows a specific example of the generation process shown in Fig.42. 

Fig.44 is a diagram for explaining another example of the generation process of the interleaving pattern. 
Fig. 45 is a diagram for explaining a check of the generated interleaving pattern. 
Fig.46 is a flowchart for explaining a generation process of the interleaving pattern suitable for a 
transmission line interleaver. 

Fig. 47 is a diagram showing details of a determining process of the interleaving pattern. 

Fig.48 is a table showing a list of the predetermined interleaving patterns used for generating an 

interleaving pattern. 

Fig.49 is a diagram showing details of a generation process of an interleaving pattern by a multistage 
interleaving method. 
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Fig. 50 is a diagram showing an example of a device for interleaving. 



PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION 



[0053] In the following, a detailed description of embodiments of the present invention will be given with 
reference to figures. Although an interleaver is described as a two-dimensional array in the figures in the 
following description, it is only as a matter of convenience. It is needless to say that the present invention 
can be carried out with a one-dimensional array instead of the two-dimensional array. 

[0054] The interleaving processes described in the following are carried out by a processing device for 
signal processing of an input bit series and the like. 

[0055] First, a first embodiment of the present invention will be described. 

[0056] Fig.2 and Fig. 3 show the interleaving method of the first embodiment of the present invention. As 
shown in Fig.2, 1 152-bit data as single frame data 200 is input, as in the case of the conventional method, 
and a row vector 215 is written to a buffer of an interleaver 210 of 72x16 (=1152) in the direction of the 
row. It is needless to say that the interleaving method of the present invention can be applied to a general 
NxM interleaver instead of the 72x16 interleaver. In the 72x16 interleaver 210, each of 16 column vectors, 
including a vector 220 which has 72 bits, is read out, and is interleaved by a 9x8 (=72) interleaver 230, 
235, . . ., or 240 which corresponds to each of 16 column vectors. That is to say, for example, the column 
vector 220 is written in the buffer of the 9x8 (=72) interleaver 230 in the direction of the row. Finally, data 
in each of the 16 9x8 interleaves is read out in the direction of the column successively, and, then, the 
interleaved data 245 is output, in other words, extracted. 

[0057] The interleaved data shown in Fig.1 is arranged orderly in order of time in terms of the column part. 
In contrast, the data arrangement in Fig.2 is more complex. Here, to evaluate quantitatively the 
performance of the interleaving, the performance of the interleaving is evaluated from the viewpoint of the 
criterion (2) described in the related art. 

[0058] In the output 130 in Fig.1 ( the number adjacent to "0" is "16". Therefore, in the input data, the two 
bits are separated by at least 16 bits. When all bits are examined, it is recognized that two successive bits 
of output are separated by at least 16 bits in the input series. That is to say, the above-mentioned 
evaluation according to the criterion (2) is 16 bits. 

[0059] The result of an evaluation according to the criterion (2) of the method shown in Fig.2 is 128 bits. 
Therefore, it is understood that the performance of interleaving is improved. 

[0060] Fig.3 shows a method in which an additional interleaving is performed. As shown in Fig. 3, each 
column data in each of the 9x8 interleavers such as the interleaver 230 shown in Fig.2 is interleaved by 
each of 3x3 (=9) block interleavers. At the end stage of the interleaving, interleaved data 295 is output or 
extracted by reading out data sequentially in the column direction from the 3x3 block interleavers such as 
the interleaver 285. 

[0061] According to the method shown in Fig.3, since the result of the evaluation by the above-mentioned 
criterion (2) is 384 bits, it can be understood that the performance of interleaving will improve by repeating 
the interleaving process. 

[0062] In the following, a second embodiment of the present invention will be described. Fig.4 shows an 
interleaving method according to the second embodiment of the present invention. 

[0063] Different from the method shown in Fig.3 in which data, in the 72x16 interleaver 210 is read in the 
column direction, in the method according to the second embodiment, 16 bits in row vectors in an 72x16 
interleaver 310 are read and written to each of 4x4 interleavers such as an interleaver 320 in the row 
direction. Next, each column of each of the 4x4 interleavers such as the interleaver 320 is read in the 
column direction sequentially and is written back to each row in the 72x16 interleaver 310. In this case, 
another interleaver 335 can be used instead of the 72x16 interleaver 310. After all data in the 4x4 
interleavers are written back to the 72x16 interleaver 310, interleaved data 340 is extracted by reading a 
buffer of the 72x16 interleaver 310 in the column direction. 

[0064] Compared with the output result 350 according to the conventional interleaving method, data 
alignment in each column in the 72x16 interleaver 310 is the same as that of the conventional method, 
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however, it can be recognized that column alignment is different. This interleaving method will be 
evaluated from the viewpoint of the criterion (1) in the following. According to the conventional method, the 
input data "0" and "1" are interleaved to be 72 bits apart. Similarly evaluating all bits in terms of the 
criterion (1), the result is 72 bits. In the second embodiment, since the result is 288 bits, it can be 
understood that the performance of the interleaving is improved. 

[0065] In the following, a third embodiment of the present invention will be described. Fig. 5 shows an 
interleaving method of the third embodiment of the present invention. The embodiment is a method in 
which methods of the first and second embodiments are utilized in combination and each of the 
interleaving methods is repeated. 

[0066] In Fig. 5, single frame data 400 of 16 bits is input and written to a buffer of a 4 x 4 (=16) interleaver 
410 in the row direction. Each of the 4 columns consists of 4 bits and is interleaved by one of four 2x2 
(=4) interleaves 420, 425, 430, 435 as shown in Fig.5. That is, each of the columns is written into the 
buffer of the 2x2 (=4) interleavers such as the interleaver 420 in the row direction. 

[0067] Next, the 2 bits of each column of each 2x2 (=4) interleaver are read successively and returned to 
each column of the 4x4 interleaver 410. In this case, another 4x4 interleaver 440 can be used instead of 
the 4x4 interleaver 410. 

[0068] Each row data is read from the interleaver 410 or 440 and is interleaved by a corresponding one of 
four 2x2 (=4) interleavers 445, 450, 455, and 460. That is, the row data of the interleaver 410 or 440 is 
written to the buffer of the 2x2 (=4) interleaver in the row direction. 

[0069] Next, 2 bits of each column of every 2x2 interleaver such as the interleaver 445 are successively 
read and returned to each row of the 4 x4 interleaver 410 or 440. In this case, another 4 x4 interleaver 470 
can be used instead of the 4x4 interleaver 410 or 440. After all column data of the 2x2 interleavers 445- 
460 are returned, the buffer of the 4x4 interleaver 410, 440, or 470 is read in the column direction and 
interleaved data 480 is extracted. 

[0070] According to the above-mentioned method, since the performances in terms of the criteria (1) and 
(2) are improved simultaneously, the interleaving performance can be further improved. 

[0071] Therefore, according to the present invention, in an interleaving of an NxM buffer size, two 
successive input bits can be separated such that the distance between the two bits becomes more than 
2N bits in the output series after interleaving is repeated enough times, and two successive two output bits 
can be separated in the input series such that the distance between the two bits is more than 2M bits. For 
example, in the case of 8x8 buffer size interleaving, two successive input bits can be separated farther 
apart than 2x8 bits in the output series after three times of repeated interleaving and two successive 
output bits can be separated farther apart than 2x8 bits in the input series. 

[0072] Further, the present invention can be used for randomization of burst error arising in a burst error 
transmission line or a burst error recording medium, and also can be used for an interleaving method 
applied to turbo encoding. 

[0073] In the following, a fourth embodiment of the present invention will be described. Fig. 6 shows the 
embodiment. 

[0074] It is not necessary to use the same interleavers repeatedly for the same interleaving step as in the 
above-mentioned first to third embodiments. As shown in Fig.6, after writing an input series to a 72x16 
interleaver 600, each row of the interleaver 600 is read by 16 bits. In this case, the interleaved shape can 
be varied such that the first row is written to a 4x4 interleaver 610, the second row is written to a 6x3 
interleaver 620, and the third row is written to a 8x2 interleaver 630, and the like. It is also not necessary to 
fill an interleaver buffer with input data, for example, a 6x3 interleaver may be used for the 16-bit input 
series. 

[0075] A fifth embodiment of the present invention will be described in the following. Fig. 7 shows the fifth 
embodiment. 

[0076] Fig.7 shows an example of interleaving similar to that shown in Fig. 2. In the case of the example 
shown in Fig. 2, an input series is divided into a plurality of 16 bit blocks, wherein the sequence of the bits 
in each block remains in the same order of time in the first interleaving step. On the other hand, in the 
case of the example shown in Fig.7, pseudo-random interleaving is performed on each block and the data 
in the block is written to a 72x16 interleaver 700. Thus, interleaving repeating processes of the present 
invention can be combined with interchanging processes of a bit sequence such as that used for a 
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pseudo-random interleaving method. Fig. 7 shows an example of such an interleaving method. 

[0077] Next, a sixth embodiment of the present invention will be described. In the above-mentioned 
embodiments, interleaving methods by a bit unit are described. Interleaving by a symbol unit is also 
possible. In the following, the sixth embodiment will be described as an example of the interleaving by a 
symbol unit. 

[0078] First, L-bit length data is written to an NxM (L</= NxM) block interleaver. 

[0079] Here, one symbol will be considered to be K bits hereinafter. That is, in an NxM block interleaver, 
successive (adjacent) K bits will be considered to be one symbol. 

[0080] In a first case in which K successive bits in the vertical direction are assumed to be one symbol, a 
block interleaver can be considered to be an (N/K) symbol x M symbol block interleaver. Therefore, 
symbol interleaving is possible by performing multiple stage interleaving in the vertical direction and in the 
horizontal direction in the way mentioned above and by converting the symbol to bits, which are read out. 
In a second case in which K bits in the horizontal direction are assumed to be one symbol, the block 
interleaver can be considered to be an N symbol x (M/K) symbol block interleaver. Therefore, symbol 
interleaving is also possible. Further, in a third case in which K adjacent bits are considered to be one 
symbol where K is N1xM1, the block interleaver can be considered to be an (N/N1) symbol x (M/M1) 
symbol block interleaver, thereby symbol interleaving is also possible. 

[0081] Concrete examples of the above-mentioned methods will be described with reference to figures. 
Fig. 8 shows L=64 bit length data written to an (N=) 8 bit x (M=) 8 bit block interleaver. The following 
processes will be described with reference to Fig. 9 - Fig. 11 corresponding the above mentioned first case 
to third case respectively. 

[0082] Fig. 9 shows the first case in which K equals 2. A 4 symbol x 8 symbol block interleaver shown in 
Fig. 9 is interleaved in the above-mentioned way of a bit unit, and symbols in an interleaver 650 are 
converted into bits, thereby an interleaver 660 is generated, and, then, the bits are read out. 

[0083] In the second case in which K equals 2, interleaving is performed as shown in Fig. 10, and, in the 
third case in which K equals 4, interleaving is performed as shown in Fig.1 1 . The precise description of 
these methods will be omitted because it is obvious from these figures and above descriptions. 

[0084] As mentioned above, according to the interleaving method in the first to sixth embodiments of the 
present invention, the aforementioned first objective is achieved. That is, by applying an interchanging 
process on a data sequence repeatedly after writing to or reading from a buffer once, the performance of 
interleaving will improve as compared with the conventional method in which reading and writing is 
performed in order of time one by one. 

[0085] The interleaving method of the present invention will be called a multiple interleaving method 
hereinafter. 

[0086] As mentioned above, in the case of a digital system, permutation in interleaving is performed by the 
bit or the symbol. The above-mentioned methods show the way of writing data in a buffer and reading out 
the data. It is also possible to use a pattern (which will be called an interleaving pattern hereinafter) as 
sequence permutation information in interleaving which will be referred to when interleaving data. 
Although, interleaving can be performed by the bit or by the symbol, or the like, an example by the bit will 
be shown in the following for the sake of simplicity. 

[0087] Fig. 12 shows an example of interleaving of a 16-bit series. As shown in Fig. 12, bit-by-bit 
interleaving is carried out by referring to an interleaving pattern table. In Fig. 12, as for an input 16-bit 
series 670 which will be interleaved, the sequence of the bits (or the symbols and the like) in the input 
series are altered according to the sequence stored in the interleaving pattern table 680. 

[0088] As shown in Fig. 12, the sequence in the interleaving pattern table 680 is read out in order of the 

vertical direction, as indicated by an arrow, as 0, 8, 4, 12, 2 Then, the bits of the 16-bit series are 

interchanged according to the read out sequence such that the 0th bit of the input series is interchanged to 
the 0th bit of the output series and the first bit is interchanged to the eighth bit and the like. After that, an 
interleaved bit series is output. 

[0089] Next, embodiments of the present invention for achieving the second objectives will be described 
starting from a seventh embodiment. 
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[0090] Fig. 13 - Fig. 15 show the seventh embodiment of the present invention. 

[0091] In Fig. 13 and Fig. 14, an example of interleaving a 16-bit series 670 is shown. That is, an 
interleaving pattern table A and an interleaving pattern table B, both of which describe a 4 bit series 
conversion, are provided, and an interleaving pattern table C 680 for 16 (4x4) bit series conversion is 
generated by the two 4 bit interleaving pattern tables. Then, interleaving of the input 16 bit series 670 is 
performed with the generated 16 bit series interleaving pattern table. 

[0092] In Fig. 13, the prepared table A defines the writing direction to the interleaving pattern table C and 
the table B defines the direction perpendicular to the writing direction. When carrying out interleaving of 
L=16 bits, the interleaving pattern table C which describes an L (</=LAxLB) bit interleaving pattern is 
generated by using the interleaving pattern table A which describes an LA=4 bit interleaving pattern and 
the interleaving pattern table B which describes an LB=4 bit interleaving pattern. (1 &cir& in Fig. 13) 

[0093] According to the example shown in Fig. 13, an operation for generating C[i] of the interleaving 
pattern table which means ith bit of the bit series C is 
C[i] = A[i%LA] + LA x B[i/LA], 

wherein LA = 4, and i is an address indicating a bit location of the bit series and is an integer equal to or 
larger than 0. An address indicating a bit location of a series will be represented by one of i, j, k, . . . each 
of which is an integer equal to or more than 0 hereinafter. A[i] means ith element of the table A. "%" is a 
modulo operator and "i%LA" means remainder of i divided by LA. "i/LA" means the integer part (in which a 
fractional portion is dropped) of the result of i divided by LA. The meanings of these operators are the 
same hereinafter. The table A defines the pattern in a horizontal direction of the table C and the table B 
defines the pattern in a vertical direction. 

[0094] The interleaving pattern table C 680 is generated by writing the result to the interleaving pattern 
table C 680 in the horizontal direction. 

[0095] When interleaving, bits in the table C are read sequentially in the vertical direction and interleaving 
of the input series is performed by referring to the bits. (2 &cir& in Fig. 13) That is, permutation of the 
sequence of the bits in the series is performed according to the sequence stored in the interleaving pattern 
table C 680. 

[0096] In this case, it is not necessary to read out data downward, nor is it necessary to write rightward. 
Instead, those directions can be reverse to that shown in the figure. For example, reading out may be 
upward. 

[0097] Further, in Fig. 13, although it is mentioned that the prepared table A defines the writing direction to 
an interleaving pattern table C and the table B defines the direction perpendicular to the writing direction, 
the relationship between table A and B can be interchanged. In addition, the interleaving pattern table A 
and B can be the same or different patterns. 

[0098] If the table A and the table B are the same, it is necessary to use only one of the tables. For 
example, C[i] can be represented as 

C[i] = A[i%LA] + LA x A[i/LA], or 

C[i] = B[i%LB] + LB x B[i/LB]. 

These features are the same in Fig. 13 - Fig.21. 

[0099] Fig. 14 shows another operation in which the same result as that shown in Fig. 13 can be obtained. 
The interleaving pattern C 680 in Fig. 14 is generated by 
C[i] = LAxB[i%LB] + A[i/LB] (1 in Fig. 14) 

which is different from the case shown in Fig. 13. In this case, the table A defines a pattern of a horizontal 
direction of the table C, and the table B defines a pattern of a vertical direction of the table C. The result is 
written to the table C in the vertical direction. 

[0100] The relationship between tables A and B can be interchanged. Also, the interleaving pattern tables 
A and B can be the same or different patterns. If the table A and the table B are the same, it is necessary 
to use only one of the tables. 

[0101] When interleaving, the bits in the table C are read out in the same (vertical) direction sequentially, 
thereby the input series is interleaved by referring to the bits (2 &cir& in Fig. 14). 
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[0102] Thus, it is possible to change the operation for the interleaving pattern table C 680. In addition, the 
reading direction is not necessarily the same as the writing direction, and both directions are not 
necessarily the same as those shown in Fig. 14. That is, the writing direction and reading direction can be 
set freely. 

[0103] Fig. 15 shows an example of 15-bit interleaving instead of the 16 bit interleaving shown in Fig. 13 or 
Fig.14. 

[0104] As shown in Fig. 15, when interleaving L=15 bit input data, the interleaving pattern table C 700 
which describes an L (</=LAxLB) bit interleaving pattern is generated by using the interleaving pattern 
table A which has the LA=4 bit interleaving pattern and the interleaving pattern table B which has the LB=4 
bit interleaving pattern (1 &cir& in Fig. 15). In the same way as shown in Fig. 13, the method for generating 
the interleaving pattern table C 700 is 
C[i] = A[i%LA] + LA x B[i/LA], 

wherein LA = 4. The table A defines the pattern in the horizontal direction of the table C and the table B 
defines the pattern in the vertical direction. 

[0105] The result is written to the table C in a horizontal direction. Since the table C has the 16 bit 
interleaving pattern, the 15 bit interleaving is performed by reading out the table C sequentially in the 
vertical direction and by discarding a number equal to or larger than 15 when the number is read. (2 &cir& 
in Fig. 15). 

[0106] As shown in Fig. 15, the 15 bit interleaving is available by skipping the number equal to or larger 
than 15. Also, the table C which includes the 15 bit interleaving pattern can be generated to perform the 
15 bit interleaving by inhibiting data equal to or larger than 15 from being written when writing data to the 
table C. That is, as shown in Fig. 15, in the case of generating the 15 (<4x4) bit interleaving pattern table C 
with the table A storing the 4 bit interleaving pattern and the table B storing the 4 bit interleaving pattern, it 
is possible to generate the 15 bit interleaving pattern table C by not writing a number larger than 14 (=15- 
1). 

[0107] According to the seventh embodiment, from one interleaving pattern table (in the case of A=B), or 
from two interleaving pattern tables, for example, an interleaving pattern table which has a larger 
interleaving length is generated. Thus, a pattern of a certain interleaving length can be represented by a 
plurality of patterns of a smaller interleaving length. Therefore, a memory amount for fixed length patterns 
can be decreased. 

[0108] For example, conventionally, in the case of using a 1000 bit interleaving pattern table, memory for 
the 1000 bit interleaving pattern table is necessary. According to the seventh embodiment, by representing 
a 1000 bit interleaving pattern table with a 20 bit interleaving pattern table and a 50 bit interleaving pattern 
table, the memory can be decreased to an amount for 70 (=20 + 50) bits. 

[0109] In addition, by representing a 900 bit interleaving pattern table with a 20 bit interleaving pattern 
table and a 50 bit interleaving pattern table, interleaving for 1000 bits and 900 bits is possible without 
enlarging the fixed length interleaving pattern table. 

[0110] Next, an eighth embodiment will be described. According to the eighth embodiment of the present 
invention, the same result as that of the seventh embodiment shown in Fig. 13 - Fig. 15 is obtained. 
However, the interleaving pattern table C is not generated for interleaving, instead of that, an interleaving 
destination is directly obtained by calculating it from the table A and the table B. Fig. 16 and Fig. 17 show 
the eighth embodiment. 

[011 1] In Fig. 16, an example of a 16 bit input series in which the same result as that of Fig. 13 can be 
obtained is shown. 

[0112] As shown in Fig. 16 , the interleaving pattern table C is not generated, unlike the example of Fig. 13. 
Each destination for interchanging a bit in the input series is calculated (1 &cir& in Fig. 16) from the table A 
storing the 4 bit interleaving pattern and the table B storing the 4 bit interleaving pattern, thereby the input 
series is interleaved on the basis of the result of the calculation (2 &cir& in Fig. 16). 

[01 1 3] A formula for calculating directly the interleaving destination which is a jth element corresponding to 
an ith element in the input series from the table A and the table B is 
C[i] = 4B[i%4] + A[i/4] 



[0114] The relationship between the table A and B can be interchanged. And, the interleaving pattern 
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tables A and B can be the same or different patterns. If the table A and the table B are the same, it is 
necessary to use only one of the tables. That is, 
j = 4A[i%4] + A[i/4] 
= 4B[i%4] + B[i/4]. 



[0115] In Fig. 17, interleaving pattern equations (710, 720) are used for defining interleaving instead of 
preparing for the interleaving pattern tables A and B. Also, interleaving is performed by calculating the 
interleaving pattern equation (1 &cir& , 2 &cir& in Fig. 17). 

[01 16] The equation a 710 and the equation b 720 each of which equations represents a 4 bit interleaving 

pattern, are expressed as 

ja = 2(ia%2) + (ia/2) = fa(ia) 

wherein 0</=ia</=4 

jb = 2(ib%2) + (ib/2) = fb(ib) 

wherein 0</=ib</=4. 

[0117] An interleaving destination which is a jth element corresponding to an ith element in the 16 bit input 

series is calculated by using both of the equation a and the equation b sequentially, which is the same as 

calculating 

j = 4fa(i%4) + fb(i/4) 

= 8((i%4)%2) + 4((i%4)/2) + 2((i/4)%2) + ((i/4)/2), 
thereby performing interleaving. 

[0118] The relationship between the equation a and b can be interchanged. Also, the interleaving pattern 
equations a and b can be the same or different equations. If the equation A and the equation B are the 
same, it is necessary to use only one of the equations. 

[0119] In the interleaving shown in Fig. 17, it is also possible to perform interleaving after generating an 
interleaving pattern table by calculating a 16 bit interleaving pattern from the prepared 4 bit equations and 
writing the result of the calculation in the table, which is the same as the case of the seventh embodiment 
in which an interleaving pattern is defined by formulas instead of a pattern table. 

[0120] According to the eighth embodiment, from one interleaving pattern table (when A = B), or from two 
interleaving pattern tables, interleaving of a larger interleaving length is performed. Therefore, it is 
characterized there is no need to generate another interleaving pattern table. 

[0121] Further, from one interleaving pattern equation (when a = b), or from two interleaving pattern 
equations, interleaving of a larger interleaving length can be performed. In this case, it is unnecessary to 
generate another interleaving pattern table. However, it is possible to generate an interleaving pattern 
table. 

[0122] A ninth embodiment will be described in the following. The ninth embodiment is an example in 
which a process shown in the seventh embodiment or the eighth embodiment is applied repeatedly a 
plurality of times. The ninth embodiment will be described with reference to Fig. 18 - Fig. 22. 

[0123] Fig. 18 shows an example in which a 16 bit interleaving pattern table is generated from two 2 bit 
interleaving pattern tables A, B and a 4 bit interleaving pattern table C by applying a process shown in the 
seventh embodiment in Fig. 13 repeatedly a plurality of times. 

[0124] As shown in Fig. 18, when interleaving L=16 bit input data, an interleaving pattern table D 730 which 
has an L = 4(</=LAxLB) bit interleaving pattern is generated by using the interleaving pattern table A 
which has an LA=2 bit interleaving pattern and the interleaving pattern table B which has an LB=2 bit 
interleaving pattern (1 &cir& in Fig. 18). 

[0125] An operation for generating the interleaving pattern table D 730 is, for example, 
D[i] = 2A[i%2] + B[i/2], 

(when the table A defines a writing direction of the table D and the table B defines a direction 
perpendicular to the writing direction of the table D.) 

[0126] Next, an interleaving pattern table E 740 which has LE = 16(</=LCxLD) bit interleaving pattern is 
generated by referring to the generated interleaving pattern table D and the interleaving pattern table C 
which has an LD=4 bit interleaving pattern (2 &cir& in Fig. 18). 

[0127] An operation for generating the interleaving pattern table E 740 is, for example, 
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E[i] = 4D[i%4] + C[i/2], 

(in the case that the table D defines a horizontal direction of the table E and the table C defines a vertical 
direction of the table E.) 

[0128] By referring to the interleaving pattern table E which was thus generated, interleaving of the 16 bit 
series is performed (3 &cir& in Fig. 18). 

[0129] The relationship between the table A and B can be interchanged. Also, the interleaving pattern 
tables A and B can be the same or different patterns. If the tables A and B are the same, it is necessary to 
use only one of the tables can be used. That is, 
C[i] = A[i%4] + 4A[i/4] 
= B[i%4] + 4B[i/4]. 

In addition, the reading direction is not necessarily the same as the writing direction, and the both 
directions are not necessarily the same as shown in Fig. 18. 

[0130] Fig. 19 shows an example in which 16 bit interleaving is performed with two 2 bit interleaving pattern 
tables A, B and a 4 bit interleaving pattern table C by assembling processes shown in the eighth 
embodiment in Fig. 16 repeatedly a plurality of times. 

[0131] As shown in Fig. 19, the interchanging destination which is a jdth bit corresponding to an idth 
(0</=id<4) bit in a 4 bit series is calculated by referring to the table A and the table B. The operation is, for 
example, 

jd = 2A[id%2] + B[id/2] 

in a case where the table A defines a writing direction of the table C and the table B defines a direction 
perpendicular to the writing direction of the table C. 

[0132] Next, the interchanging destination which is a jth bit from a ith (0</=i<16) bit in a 16 bit input series 
750 is calculated by referring to the result of the above mentioned operation and the interleaving pattern 
table C (2 &cir& in Fig. 19). The operation is, for example, 
j = 4xjd + C[i/4] 

wherein jd is a interchanging destination of id=i%4. 

[0133] Finally, interleaving is performed by interchanging the bit sequence of the 16 bit series on the basis 
of the result of the above mentioned operations (3 &cir& in Fig. 19). 

[0134] The relationship between the table A and B can be interchanged. Also, the interleaving pattern 
tables A and B can be the same or different patterns. If the tables A and B are the same, it is necessary to 
use only one of the tables. In such a case, 
C[i] = A[i%4] + 4A[i/4] 
= B[i%4] + 4B[i/4] 
can be applied. 

[0135] Also, an interleaving pattern table can be generated by storing the result of the calculation in a 
table. 

[0136] Fig.20 shows an example in which a process shown in Fig. 17, which shows the eighth embodiment 
which defines interleaving by equations, is repeated. 

[0137] As shown in Fig.20, first, an equation d for describing a 4 bit interleaving pattern, which is 
jd = 2(id%2) + (id/2), 

is generated from an equation a Ga = ia) and an equation b (jb = ib), each of which equations describes a 
2 bit interleaving pattern (1 &cir& in Fig.20). 

[0138] Next, a 16 bit interleaving equation e, which is 
je = 8((ie%4)%2) + 4((ie%/4)/2) + 2((ie/4)%2) + ((ie/4)/2), 

is calculated from the 4 bit equation c and the equation d (2 &cir& in Fig.20). Then, interleaving is 
performed with the calculated equation e (3 &cir& in Fig.20). 

[0139] It is also possible to perform interleaving after generating an interleaving pattern table by writing the 
result of the above mentioned calculation to a table. 

[0140] Fig.21 shows an example in which interleaving is performed by defining an interleave with an 
equation and a table and generating an interleaving pattern table on the basis of the interleave. 

[0141] As shown in Fig.21, a 4 bit interleaving equation d, which is 
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jd = 2(id%2) + (id/2), 

is generated from an equation a describing a 2 bit interleaving pattern and a 2 bit interleaving pattern table 
B (1 &cir& in Fig .21). 

[0142] Next, a 16 bit interleaving pattern table E 760 is generated by 
E[i] = 4(2(i%4)%2) + ((i%4)/2) + B[i/4] 

from the equation d and a 4 bit interleaving pattern table C (2 &cir& in Fig.21). Then, interleaving is 
performed with reference to the table E 760 (3 &cir& in Fig.21). 

[0143] Fig.22 shows an example, which is a modification of Fig. 13, in which example a 16 bit interleaving 
pattern table is generated from a plurality of 4 bit tables. 

[0144] As shown in Fig.22, a 16 bit interleaving pattern table C 770 is generated by 
C[i] = Ai/4[i%4] + 4B[i/4] 

(in the case that the table AO - A3 defines the writing direction of the table C and the table B defines the 
perpendicular direction to the writing direction of the table C) with a plurality of 4 bit tables AO - A3 and a 4 
bit table B (1 &cir& in Fig.22). Then, interleaving is performed by referring to the table C (2 &cir& in 
Fig.22). 

[0145] The relationship between the tables AO - A3 and B can be interchanged. Also, the interleaving 
pattern tables AO - A3 and B can be the same or different patterns. The reading direction is not necessarily 
downward and the writing direction is not necessarily rightward. 

[0146] Next, an tenth embodiment will be described. The tenth embodiment shows a method in which 
interleaving is defined by an interleaving pattern description language, which is recognized so that an 
interleaving pattern is generated or interleaving is performed as was described in the above mentioned 
seventh - ninth embodiments. 

[0147] Fig.23 - Fig. 26 are figures for explaining the definition of the interleaving pattern description 
language. Fig.27 - Fig. 31 shows examples in which a formula described by the interleaving pattern 
description language which is defined by Fig.23 - Fig.26 is recognized and an interleaving pattern is 
generated according to one of the methods or a combination of the methods shown in the above 
mentioned seventh - ninth embodiments so as to perform interleaving. Fig.32 is a diagram for explaining 
automatic generation of an interleaving pattern. Fig. 33 shows a flowchart for explaining a flow of 
determining the interleaving pattern. 

[0148] First, the interleaving pattern description language will be described with reference to Fig.23 - 26. 

[0149] Fig.23 describes definition 1 of an interleaving pattern description language L [NxM]. L[NxM] means 
an NxM block interleaver. This interleaver means performing interleaving of an L bit series with the NxM 
block interleaver. Fig.23 shows interleaving of the L bit series by the L[Nx M] block interleaver as an 
example. 

[0150] Fig.24 describes a definition 2 of R{A}. R{A} means that A bits are rearranged in inverse order. 
Fig. 24 shows R{6} as an example in which 6 bit series are rearranged in inverse order. 

[0151] Fig.25 describes a definition 3 of L[N1x M1, N2xM2 . .]. L[N1xM1, N2xM2 . . ] means interleaving of 
a plurality of series (each series is L bit length) by corresponding interleavers. Fig.25 shows 6[3x2, 2x3] as 
an example in which each of two 6 bit series is interleaved. 

[0152] Fig.26 describes a definition 4 of L[N1[N2 xM2] xM1]. L[N1[N2xM2] xM1] means that after 
interleaving an L bit series by an N1xM1 block interleaver, each of M1 column arrays (N1 bits) is 
interleaved by an N2xM2 interleaver. 

[0153] L[N1xM1 [N2xM2]] means that after interleaving an L bit series by an N1xM1 block interleaver, 
each of N1 row arrays (M1 bits) is interleaved by an N2xM2 interleaver. 

[0154] Fig.26 shows 16[4[2x2]x4] as an example in which a 16 bit series 780 is written to a 4x4 block 
interleaver A 790 and each column array is read and interleaved by one of four 2x2 interleavers B - E. An 
interleaver F 800 is used for getting together the results by the interleavers B - E. 

[0155] The above mentioned interleaving description language can be used for generating an interleaving 
pattern and performing interleaving of an input series by referring an interleaving pattern. 

[0156] In the following, embodiments of interleaving by the above mentioned interleaving pattern 
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description language will be described. 

[0157] Fig.27 shows an example in which generation of an interleaving pattern described as 16[4[2x2]x4 
[2x2]] by the interleaving pattern description language is realized. 

[0158] The meaning of the interleaving pattern described as 16[4[2x2]x4[2x2]] is as follows: 

(a) First stage interleaver which is a 4x4 block interleaver performs 16 bit interleaving. 

(b) Each of row arrays (4 bits) of the first stage interleaver is interleaved by a 2x2 interleaver. 

(c) Each of the column arrays (4 bits) of the first stage interleaver is interleaved by a 2x2 interleaver. 



[0159] Fig.27 describes how the above process is realized. As shown in Fig.27 f an input 16 bit series 810 
is written to a 4x4 block interleaver A 820 (1 &cir& in Fig.27). Next, each of row data is read from the 
interleaver A 820 and interleaved by one of 2x2 interleavers B - E (2 &cir& in Fig.27). The interleaved data 
is written to a interleaver F 830 (3 &cir& in Fig.27). Then, each of column data is read and interleaved by 
one 2x2 interleaver G - J (4 &cir& in Fig.27). 

[0160] Finally, a described interleaving pattern is generated by writing the interleaved data to a table 840 
(5 &cir& in Fig.27). 

[0161] Fig.28 shows an example in which an interleaving process represented as 16[4[2x2]x4[2x 2]], which 
is the same description as shown in Fig.27, is realized by the above mentioned interleaving method. In 
Fig.28, the description of 1 &cir& - 5 &cir& for generating an interleave patter will be omitted since it has 
been described with Fig.27. After that, interleaving can be realized by referring to the generated 
interleaving pattern table 850 (6 &cir& in Fig.28). 

[0162] Fig.29 and Fig. 30 shows examples in which a formula described by the above mentioned 
interleaving pattern description language is recognized and an interleaving pattern is generated according 
to one of the methods or a combination of the methods shown in the above mentioned seventh - ninth 
embodiments so as to perform interleaving. 

[0163] Fig.29 shows that generation of an interleaving pattern or an interleaving process described as 16[4 
[2x2]x4[2x2]] is performed by applying interleaving processes shown, for example, in the above Fig. 13 
repeatedly. 

[0164] In order to use an interleaving pattern described by the interleaving pattern description language 
according to Fig.29, first, interleaving pattern tables E and F are generated with interleaving pattern tables 
A - D (1 &cir& and 2 &cir& ). Second, an interleaving pattern table G 860 is generated by calculating with 
the interleaving pattern tables E and F (3 &cir& in Fig.29). When interleaving is required, it is performed 
with the interleaving pattern table G 860 (4 &cir& in Fig.29). 

[0165] Fig.30 shows that generation of an interleaving pattern or an interleaving process described as 16[4 
[2x2]x4[2x2]] is performed by applying interleaving processes shown, for example, in the above Fig. 17 
repeatedly. 

[0166] As shown in Fig.30, 4 bit interleaving pattern equations e and f is generated from 2 bit interleaving 
pattern equations a - d (1 &cir& and 2 &cir& in Fig.30). Next, a 16 bit interleaving pattern equation g is 
generated from the 4 bit interleaving pattern equations e and f (3 &cir& and 4 &cir& in Fig.30) and 
interleaving is performed with the interleaving pattern equation g (5 &cir& iri Fig.30). 

[0167] After the generated interleaving pattern is stored, same interleaving process can be done only by 
reading the pattern table without generating the pattern once again at the time of next interleaving or other 
interleaving. Fig. 31 shows as example of such an effect. 

[0168] Fig. 31 shows a case interleaving described as 16[4[2x2]x4[2x2]] is required assuming that a 4 bit 
interleaving pattern 4[2x2] is already stored. 

[0169] For example, the case shown in Fig.31 takes the same method as that shown in Fig.29. As shown 
in Fig.31, a system has an interleaving pattern 4[2x2] as interleaving pattern tables A and B. Therefore, a 
16 bit interleaving pattern can be generated by referring to the 4 bit interleaving patterns (1 &cir& in 
Fig.31) without performing a process corresponding to 4[2x2] (1 &cir& and 2 &cir& in Fig.29). Then 
interleaving is performed by referring to the generated interleaving pattern table C (2 &cir& in Fig.31). 

[0170] Thus, 16[4[2x2]x4[2x2]] can be generated from the stored 4[2x2] interleavers. 
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[0171] The method for realizing interleaving patterns described by interleaving pattern description 
languages shown in Fig.27 - Fig. 31 is not limited to the methods shown here, for example, those methods 
can be combined. Therefore, for getting an interleaving pattern, either of an interleaving pattern table or an 
interleaving pattern equation can be used. 

[0172] In the following, the generation method of the above mentioned interleaving pattern will be 
described by a flowchart shown in Fig. 32. 

[0173] As shown in Fig. 32, when data of interleaving length L bits is given, first stage interleaving pattern 
N1xM1 which is equal to or larger than L bits is determined in step 102. Next, in step 104, a plurality of 
second stage interleaving patterns are determined each of which pattern corresponds to row array and 
column array of the first stage interleaver. Then, in step 106, interleaving patterns of third stage 
interleavers corresponds to each of the second stage interleavers in the same way as step 104. In step 
108, the above process will be repeated until interleaving is not available anymore or until any stage, 
finally, in step 110, an interleaving pattern which can be described by an interleaving pattern description 
language is generated. 

[0174] As the method for determining the interleaving pattern of the interleaver of each stage, methods of 
using factoring, referring to a list, and using a real number near the result of squaring the interleaving 
length of each stage, and selecting an odd number or a prime number for N or M in the Nx M interleaver of 
each stage in the above each methods can be used. 

[0175] The above mentioned method will be called a multi stage interleaving method. 

[0176] Fig.33 is a flowchart for selecting a feasible interleaving pattern among the generated interleaving 
patterns. 

[0177] As shown in Fig.33, an interleaving pattern corresponding to an interleaving length is generated in 
step 204 as described with Fig. 32, and the generated interleaving pattern is tested in step 206. 

[0178] If the test is unsuccessful, all or a part of the patterns of each stage interleaver shown in Fig.32 are 
changed and the interleaving pattern is regenerated in step 204. The above process will be repeated until 
the test becomes successful in order to determine an eventually generated interleaving pattern. 

[0179] Items of the test may be intensity of resistance to burst error, intensity of randomness of interleaved 
bits, and the like. In particular, if the interleaver is assumed to be used as a turbo code interleaver, a code 
weight test, a code weight test assuming trellis termination and the like may be used for the test. 

[0180] According to the above description, it is obvious that the methods of the present invention can be 
applied to any interleaving unit such as a symbol other than a bit. Further, the length of interleaved series 
may change over time. 

[0181] According to the method for generating an interleaving pattern of the present invention described in 
the seventh - tenth embodiment, memory capacity can be reduced and an interleaving length without a 
corresponding interleaving pattern can be processed flexibly. That is, when interleaving 1000 bit series 
without using the method of the present invention, a table which includes interleaving pattern for the 1000 
bits is necessary. Therefore, the longer the interleaving length, the more the memory amount for storing 
an interleaving pattern table, in which the interleaving length means the total number of interleaved units 
such as bits, symbol, and the like. Further, without the present invention, when the interleaving length 
changes, sufficient interleaving patterns need to be prepared such that each interleaving pattern 
corresponds to a changed interleaving length. Thus, the more the kinds of the interleaving length, the 
more the memory amount for storing the interleaving pattern tables corresponding to each interleaving 
length. For example, for 4 kinds of interleavers of 10 bits, 100 bits, 1000 bits, 10000 bits interleaving 
length, memory amount for 

10([log(10-1)]+1)+100([log(100-1)]+1) +1000([log(1000-1)]+1)+10000([log (10000-1)]+1 ) 
bits is necessary in order to store the every interleaving patterns, in which [log X] means that the logarithm 
X to the base 2 is taken and the fractional portion of the number is dropped, therefore, [log (X-1)]+1 means 
the number of digits of the integer X in binary notation. According to the present invention, such a problem 
will nor arise. Further, according to the present invention, an interleaving pattern can be generated as a 
description by an interleaving pattern description language. The characteristics of the generated 
interleaving pattern can be checked, and, it is possible to add a system in which an interleaving pattern of 
good characteristics is regenerated automatically if the checked characteristics is bad. 

[0182] Next, embodiments of the present invention for achieving the third objectives will be described. In 



http://v3.espacenet.com/textdes?DB=EPODOC&IDX=EP0952673&QP... 2004-02-26 



esp@cenet description view 



HI 01 XI 18 / 22 



the following, an interleaving method for a turbo encoder, a transmission system of a transmitter-receiver 
in mobile communication and the like will be described. Before describing the embodiments, the 
configurations of the turbo encoder and the transmitter-receiver in mobile communication will be 
described. 

[0183] Fig. 34 (a) is a diagram showing a configuration of the turbo encoder. The turbo encoder is formed 
by including recursive systematic convolutional encoders (RSC 12, RSC 13), in which the recursive 
systematic convolutional encoder is shown in Fig. 34 (b). As shown in Fig. 34 (a), input data d is processed 
and output as output data X1 - X3. An interleaver 1 1 is placed before the recursive systematic 
convolutional encoder (RSC) 13 in order to reduce interrelationship between the redundant bits X1 and 
X2. In addition, a turbo decoder includes 2 decoders, an interleaver and a deinterleaver which performs a 
reverse process of an interleaver. 

[0184] Fig.35 is a diagram showing a part of the configuration of a transmitter-receiver and the like of 
CDMA in mobile communication. In the transmitting end, after a channel encoder 21 performs channel 
encode, a channel interleaver 22 performs interleaving. Then, SS transmitter 23 time-division multiplexes 
modulated signals and pilot symbols, and performs spread modulation. In the receiving end, a RAKE 
receiver 25 performs despreading, and, then, performs RAKE synthesis by using pilot symbols. A channel 
deinterleaver 26 performs deinterleaving and a channel decoder 27 performs decoding. If the turbo code is 
used for a transmission system, a turbo encoder instead of the channel encoder 21 is used, and a turbo 
decoder instead of a channel decoder 27 is used. 

[0185] The table of the interleaver used in these devices is, for example, one described in Fig. 12. 

[0186] In the following, examples of deinterleaving which is performed in the channel deinterleaver 26 and 
the like are described with reference to Fig. 36 and Fig. 37. 

[0187] Fig.36 (a) shows an example in which interleaving of 12 bits is performed with a table A (LA=3 bits) 
and a table B. The operation for generating an interleaving pattern table C[i] (ith bit of bit sequence C) is 
C[i] = LB x A[i%LA] + B[i/LA] 

in which LA = 3 and LB = 4. In addition, the table A defines the pattern in a vertical direction of the table C 
and the table B defines the pattern in a horizontal direction of the table C. By calculating the operation, an 
interleaving pattern table C is generated, and an output data is obtained from an input data by referring to 
the interleaving pattern table C. 

[0188] Fig.36 (b) shows a deinterleaving process which is a reverse process to the above mentioned 
process. A deinterleaving pattern table C 870 can be generated by interchanging the table A and the table 
B and by performing the same operation. If input data is 0, 8, 4, 2, . . ., 7 which is the output of the above 
mentioned interleaving, the output becomes 0, 1, 2, . . ., 11 which is the input of the above mentioned 
interleaving. 

[0189] Fig.37 (a) shows an example of interleaving in the case of LAxLB>L, and Fig. 37 (b) shows 
deinterleaving. In Fig.37 (a), a value which is equal to or larger than L is not read out, or, the value is not 
written when generating a table. The operation formula in Fig.37 (c) is 
C[i] = LB x A[i%LA] + B[i/LA] - 

in which follows the following rule (represented by C language). 
EMI47.1 



[0190] The deinterleaving method can be applied to the above mentioned interleaving methods and also 
applied to the after-mentioned interleaving methods. 

[0191] Next, an eleventh embodiment will be described. In the following description, notation for describing 
an interleaving pattern is the one used in Fig .23 - Fig. 25. 

[0192] In the following, a generating method of an interleaving pattern suitable for turbo code with 
reference to Fig. 38 - Fig.45. 

[0193] Fig.38 is a flowchart for explaining a generating method of an interleaving pattern which has an L 
bit interleaving length and is suitable for turbo code. 

[0194] From the first stage (S302) to the higher stage (S306) shown in Fig.38, the interleaving pattern for 
turbo code having L bit interleaving length is determined by a decision process which will be described in 
detail with Fig. 39. Interleave patterns are determined when all processes of each decision process branch 
are completed, and, then, the interleaving pattern is generated from the determined final results (S308). 
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After that, the generated interleaving pattern are checked and the interleaving pattern of the L bit 
interleaving length which is suitable for turbo code can be obtained. 

[0195] Now, the decision process of the interleaving pattern will be described. Fig. 39 is a diagram showing 
the decision process of the interleaving pattern in detail. Fig.40 is a table showing a list of predefined 
interleaving patterns (PIP) which are used for the decision process of the interleaving pattern. The 
predefined interleaving pattern list is a list of interleaving patterns which is recognized to be suitable for 
turbo code. 

[0196] In the first stage (S302) in Fig. 38, it is necessary to determine an interleaving pattern represented 
by row and column of L</=N<1>xM<1> (the superscript denotes the number of the stage). In this eleventh 
embodiment, N<1> is fixed to be 7. Thus, M<1> is determined such that if a value of L divided by 7 is an 
integer, M<1> is the value, and, in the other cases, M<1> is a minimum integer larger than the value. The 
predefined interleaving pattern corresponding to N<1> is R{7[3x3[2x2]]} which is shown in Fig.40 as T7. 

[0197] It is necessary to represent each of 7 rows (M1<1> - M7<1> ) as a row and a column in order to 
determine the row and the column of the interleaving pattern of the first stage. Thus, in the second stage, 
a row and a column need to be determined in each of 7 branches corresponding to each of the rows (refer 
to Fig.39). In order to determine the row and the column, as shown in the second stage (S304) in Fig.38, 
the number of each of columns MY<2> (Y=1, 2, . 7) is selected from "7, 13, 17, 29, 37, 43, 59 (L>3000 
bits)" or "5, 7, 11, 13, 17, 37, 43 (3000>L>/=301 bits)" which are shown in PIP lists in Fig38. The number 
of the row NY<2> is determined such that if a value of M<1> divided by the selected number of MY<2> is 
an integer, NY<2> is the value, and, in the other cases, NY<2> is a minimum integer larger than the value. 
If an IP (interleaving pattern) corresponding to the NY<2> is defined in the table in Fig.40, the operation to 
the branch is completed. If not, the process moves to the next stage (S306). 

[0198] In the next process (S306), the process to determine a row and a column until the undetermined 
rows are determined. In the process (S306), each branch is processed as described below and as shown 
in Fig.39. The number of a column MY<Z> (2>/=3) is defined to be a number which is equal to or smaller 
than the square root of the undefined number of row NY<(Z-1)> of previous stage and is a maximum 
number in PIP (except for 4 and 6) in Fig.40. The reason for excluding 4 and 6 is that it is known 
empirically that an odd number or a large number is suitable for the column number for turbo code. The 
number of the row NY<Z> is determined such that if a value of NY<(Z-1)> divided by the above defined 
MY<Z> is an integer, NY<Z> is the value, and, in the other cases, NY<Z> is a minimum integer larger than 
the value. If PIP is defined for the row number NY<Z> in Fig.40, the process of the branch is completed. 
The process will be performed until every branch of every stage is completed. 

[0199] In addition, other than interleaving patterns shown in Fig.40, an interleaving pattern corresponding 
to other number can be defined. In this case, the interleaving pattern corresponding to the other number is 
generated by the same method as that in higher stage shown in Fig.38. The more the interleaving patterns 
defined in Fig.40, the fast a process is completed. Even when the number of the interleaving patterns 
shown in Fig.40 is increased in such away, MY<Z> (Z>/=3) will be selected among "2, 3, 5, 7, 8, 9, 11, 13, 
17, 20, 29, 37, 43, 47, 53, 59, 61" shown in Fig.40. 



*[0200] After all interleaving patterns of the row and the column are defined, the interleaving pattern is 
generated from the defined interleavers of the row and the column (S308). The process will be described 
with reference to Fig. 41 - Fig. 44 in detail. 

[0201] Fig.41 is a diagram showing a detailed generating process of the interleaving pattern by the above 
mentioned multistage interleaving method. As is understood from this figure, the interleaving pattern (IP) 
corresponding to the row or the column of the upper stage is determined from the interleaving pattern (IP) 
corresponding to the row or the column defined in the lower stage, which is reverse of the procedure of 
each branch in Fig.39. Then, the L bit interleaving pattern (IP) can be generated finally. 

[0202] The way in which the interleaving pattern (IP) is generated by the interleaving patterns of the row 
and the column will be described in detail with reference to Fig.42 - Fig.44. Fig. 42 is a diagram for 
explaining one stage of the generating process of the interleaving pattern. Fig.43 is an example of the 
generating process shown in Fig.42. Fig.44 is a diagram for explaining the final stage of the generating 
process of the interleaving pattern. 

[0203] Fig.42 shows how the interleaving pattern of NY<Z> (= NY<(Z+1)> xMY<(Z+1)>) bits of each 
branch is generated by using an NY<(Z+1>) bit interleaving pattern (IP) corresponding to the column 
which is determined in the lower stage and an MY<(Z+1)> bit interleaving pattern corresponding to the row 
which is determined in the lower stage. 
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[0204] In Fig. 42, by the operation to the NY<(Z+1)> bit interleaving pattern (IP) corresponding to the 
column and the MY<(Z+1>) bit interleaving pattern (IP) corresponding to the low, a pattern C'[i] of NY<Z> 
bits is generated in each branch. The C'[i] represents an ith element of the pattern C\ The operation is 
C'[i] = MY&hairsp;<(Z+1)> A[i % NY&hairsp;<(Z+1)>]+B[i/ NY&hairsp;<(Z+1)>], 

wherein A represents an interleaving pattern corresponding to NY<(Z+1)> of the column, B represents an 
interleaving pattern corresponding to MY<(Z+1)> of the row, "%" is a modulo operator which takes a 
remainder of division, and "/" means an integer part (in which fractional portion is dropped) of division. 

[0205] The pattern C by the operation is written to a memory which has a capacity of vertical NY<(Z+1)> x 
horizontal MY<(Z+1)> in a vertical direction. Then, NY<Z> bit interleaving pattern C is obtained by reading 
out the memory in a vertical direction. At the time, the interleaving pattern C can be obtained without 
writing a number which is equal to or larger than NY<Z> to the memory when NY<Z> is smaller than NY< 
(Z+1)> xMY<(Z+1)>. Also, the interleaving pattern can be obtained by writing all data in the memory and 
skipping a number larger than NY<Z> when reading. 

[0206] Fig.43 shows a concrete example of the process. Fig. 43 shows an example in which a 15 bit 
interleaving pattern (IP) C which is smaller than 4 x 4 =16 is obtained from a 4 bit interleaving pattern (IP) 
A and a 4 bit interleaving pattern (IP) B. 

[0207] As shown in Fig.43, an 16 bit interleaving pattern C is obtained by an operation with a 4 bit 
interleaving pattern A = {0, 2, 1 , 3} and a 4 bit interleaving pattern B = {0, 2, 1, 3}. Then, the pattern is 
written to a 4 x 4 memory sequentially in a vertical direction. The operation is 
C'[i] = 4A[i%4]+B[i/4]. 

At this time, "15" obtained by the operation is not written to the memory. A 15 bit interleaving pattern C can 
be obtained by reading out data from the memory in the same direction as writing sequentially. 

[0208] Thus, interleaving patterns (IP) corresponding to each row and each column from the final stage to 
the second stage, and, then, interleaving patterns corresponding to the first row - the seventh row of the 
first stage can be obtained. Finally, the L bit interleaving pattern is obtained from the interleaving patterns 
of the first row - the seventh row. 

[0209] Fig.44 is a diagram for explaining how the L bit interleaving pattern is generated from a plurality of 
rows in the first stage. As shown in Fig.44, the L bit pattern C is generated from an N bit interleaving 
pattern (IP) corresponding to the column and N interleaving patterns corresponding to each row. 

[0210] In Fig.44, assuming that N which is the column as A, and assuming each of M0 - M(n-1) which is 
the row as B0 - B(n-1), the operation is represented as 
C[i] = MA[i%] + Bi%N [i/N] 

Which is different from that in Fig.43 and B is changed. The L bit interleaving pattern C can be generated 
by writing to a memory sequentially in a vertical direction and reading out sequentially in a vertical 
direction. The process when L<MxN is the same as that described in Fig.43. 

[021 1] As mentioned above, the L bit length interleaving pattern can be generated (S308 in Fig. 38). In 
Fig. 38, the generated interleaving pattern is checked next (S310). If the generated interleaving pattern is 
rejected according to the check, an interleaving pattern is regenerated by changing N to 7 represented by 
R(7[3xR{3}])), and a better interleaving pattern is selected by comparing the regenerated pattern with the 
former interleaving pattern. 

[0212] The checking method of the generated interleaving pattern will be described with reference to 
Fig. 45. As shown in Fig .45, interleaved L bit series is compared with L bit series which is not interleaved, 
and, if all bits or a part of bits within 30 bits from the last bit of the bit series which is not interleaved are 
interleaved within 30 bits from the last bit of the interleaved bit series, the interleaving pattern which 
performs the interleaving is rejected. 

[0213] The interleaving pattern obtained by the flowchart shown in Fig. 38 is suitable for turbo coding. The 
turbo code is assumed to be turbo code of constraint length 3. That is, it means there are two delay 
elements D such as (16) and (17) (constraint length - 1). When assuming turbo code of constraint length 
4 , N<1> of the first stage in Fig.38 can be set as 8 represented by R{8[4[2x2]x 2]}. That is, M<1> 
becomes L/8 and the number of the branches shown in Fig.41 increases to 8 from 7. 

[0214] Next, a twelfth embodiment will be described. 

[0215] In the following, a generating method of an interleaving pattern suitable for transmission line 
interleaver with reference to Fig. 46 - Fig. 49. 
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[0216] Fig.46 is a flowchart for explaining a generating method of an interleaving pattern which is suitable 
for transmission system. 

[0217] From the first stage (S402) to the higher stage (S406) shown in Fig.46, the interleaving pattern for 
transmission line interleaver having L bit interleaving length is determined by a decision process which will 
be described in detail with Fig.47. Interleave patterns are determined when all processes of each decision 
process branch are completed, and, then, the interleaving pattern is generated from the determined final 
results (S408). 

[0218] Now, the decision process of the interleaving pattern will be described. Fig.47 is a diagram showing 
the decision process of the interleaving pattern in detail. Fig.48 is a table showing a list of predefined 
interleaving pattern (PIP) which is used for the decision process of the interleaving pattern. The predefined 
interleaving pattern list in Fig.48 is a list of interleaving patterns which are recognized to be suitable for 
transmission system. 

[0219] In the first stage (S402) in Fig.46, it is necessary to determine an interleaving pattern represented 
by a row and a column of L</=N<1> x M<1> (the superscript denotes the number of the stage). M<1> 
which is the number of the column in the first stage is selected among 16, 32, 64, 128 according to the 
number of slots (interleaving length) in one frame. N<1> which is the number of row in the first stage is 
determined as a minimum integer larger than L divided by the selected M<1>. 

[0220] In the second stage (S404), M<2> is selected among numbers corresponding to the list of the 
predefined interleaving patterns shown in Fig.48 (excluding "13" and "17") as a number which can divide 
N<1> and is a maximum integer which is equal to or smaller than the square root of N<1>. If the integer is 
smaller than 2ROOT N<1> /4 (the square root of N<1> /4) or if there is no divisible candidate in the PIP 
list, a maximum integer which is equal to or smaller than the square root of N<1> is selected in the PIP list 
(excluding M 13" and "17"). The reason for excluding 13 and 17 is that it is known empirically that an even 
number is suitable for transmission system. N<2> is a minimum integer which is equal to or larger than 
N<1> divided by the selected M<2>. In the second stage (S404), if N<2> is defined in the PIP list in 
Fig.48, all interleaving patterns are determined, thereby the process of generating the L bit interleaving 
pattern is performed with the determined interleaving pattern (S408). If N<2> is not defined in the PIP list, 
the process moves to the next stage (S406). (refer to Fig.47) 

[0221] In the stage (S406), similar to the second stage, M<Z> ("Z" represents the number of stage) is 
selected among numbers corresponding to the predefined interleaving patterns shown in Fig.48 (excluding 
"13" and "17") as a number which can divide N<1> and is a maximum integer which is equal to or smaller 
than the square root of N<1>. If the integer is smaller than 2ROOT N<1> /4 (the square root of N<1> /4) or 
if there is no divisible candidate in the PIP list, a maximum integer which is equal to or smaller than the 
square root of N<1> is selected in the PIP list (excluding "13" and "17"). N<Z> is a minimum number which 
is equal to or larger than previous stage N<(Z-1)> divided by the selected M<Z.> Such a process is 
performed until N<Z> is defined in PIP in Fig.48 (refer to Fig.47). If it is defined, since all interleaving 
patterns are defined, the process for generating the L bit interleaving pattern is performed with the 
determined interleaving patterns (S408). 

[0222] In addition, other than interleaving patterns shown in Fig.48, an interleaving pattern corresponding 
to other number can be defined. In this case, the interleaving pattern corresponding to the other number is 
generated by the same way as that in higher stage shown in Fig.46. The more the interleaving patterns 
defined in Fig.48, the fast the process is completed. Even when the number of the interleaving patterns 
shown in Fig.48 is increased, MY<Z> (Z>/=2) will be selected among "2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 16, 20, 
32, 64, 128" shown in Fig.48. 

[0223] The process for generating the L bit interleaving pattern (S408) will be described with reference to 
Fig. 49 showing a detailed generating process of the interleaving pattern by the above mentioned 
multistage interleaving method. 

[0224] In Fig.49, by using interleaving patterns (IP) N<Z> and M<Z>, N<(Z-1)> of the former stage will be 
obtained. The obtaining process was described in Fig. 42 and Fig.43, therefore, the description will be 
omitted. By performing the process sequentially, the L bit interleaving pattern which is suitable for 
transmission system can be obtained. In the above descriptions, bit length is used from interleaving 
pattern length. Different representations will be used as a unit other than bit for interleaving. 

[0225] In the following, an interleaving device which uses the above mentioned interleaving method will be 
described as a thirteenth embodiment. 
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[0226] The interleaving method described so far can be applied to an interleaver and a deinterleaver in 
devices shown in Fig. 34 - Fig. 35. However, it is not limited to the devices. The multiple interleaving 
method of the present invention can be applied to other devices which perform interleaving. The present 
invention of the eleventh and twelfth embodiments is especially suitable for devices shown in Fig. 34 - 
Fig. 35, that is, a turbo encoder and a transmission system device. 

[0227] Since the configurations of an interleaver and a deinterleaver are the same, an example of the 
interleaver will be described. Fig.50 shows an example of a device for performing interleaving or 
deinterleaving. As shown in Fig.50, the interleaver includes an input buffer 30, an output buffer 32, a 
memory 34, and a CPU 36. Input series data is stored in the input buffer and interleaved output series 
data is stored in the output buffer. In the case of deinterleaving, interleaved data is stored in the input 
buffer 30 and deinterleaved data which is the data before interleaving. The input buffer and the output 
buffer 32 are realized with a RAM, a shift register, and the like. The memory 34 stores the above 
mentioned interleaved pattern tables and/or a program which directly calculates interleaved addresses in 
the output buffer 32, and is realized by a RAM, a ROM and the like. The CPU 36 performs instruction of 
input/output to the buffers, address calculation, and so on. The above mentioned configuration can be 
realized by an integrated circuit such as an LSI and the like. 

[0228] Next, the operation in the case that the memory 34 stores only interleaving pattern tables will be 
described. 

[0229] When input series data is input in the input buffer 30, the CPU 36 reads out destination addresses 
in the output buffer with reference to an interleaves pattern table in the memory 34 and outputs the input 
series data to the addresses in the output buffer 32. 

[0230] When calculating the addresses directly, the CPU 36 calculates the destination addresses by a 
program from addresses of the input series data in the input buffer 30 and outputs to the addresses in the 
output buffer 32. 

[0231] In the following, a media according to the present invention will be described as a fourteenth 
embodiment. An interleaving pattern can be generated automatically and can be used as pattern data in 
the above mentioned RAM and the like by performing the interleaving pattern generating method, on a 
computer, which was described with flowcharts shown in Fig. 38 and Fig.46 and is suitable for transmission 
system and turbo code. 

[0232] At the time, interleaving patterns defined in Fig. 40 and Fig.48 can be stored in a storage device and 
referred to by a program. Also, only representations may be stored and interleaving pattern may be 
generated if necessary. Further, for example, common processes shown in Fig.39, Fig.41, and Fig.47, 
Fig.49 can be used as subroutines and used by calling from other processes. 

[0233] The medium storing a program of the present invention can be realized by an electronic memory, a 
hard disk, a magneto-optical disk, a floppy disk and the like, the methods of the present invention can be 
performed and the interleaving pattern can be obtained by loading the program stored in the medium in a 
computer or incorporating the medium in a computer. Further, an encoder/decoder and a transmitter- 
receiver can be formed so as to generate an optimal interleaving pattern automatically by loading the 
program in a memory in the encoder/decoder and transmitter-receiver or incorporating the medium in the 
devices. Therefore, the devices can perform optimal interleaving processes under various conditions in 
communication. 

[0234] As described above, by using the interleaving pattern generating method of the present invention, 
an interleaving pattern suitable for using purpose. 

[0235] The present invention is not limited to the specifically disclosed embodiments, and variations and 
modifications may be made without departing from the scope of the invention. 
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INTERLEAVING METHOD, INTERLEAVING APPARATUS, AND RECORDING 
MEDIUM IN WHICH INTERLEAVE PATTERN GENERATING PROGRAM IS 
RECORDED 

Claims of EP0952673 



1. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

a first step of writing data of said data series to a first interleaver, reading out the data column by column 
or row by row from said first interleaver, and writing the data to a plurality of second interleavers; 
a second step of reading out the data from each of said second interleavers, and writing the data to one or 
a plurality of third interleavers as necessary, and 

reading out the data from each of interleavers generated by repeating said second step once or a plurality 
of times, or from each of interleavers generated by said first step, and outputting said interleaved data 
series. 



2. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

a first step of writing said data series to a first interleaver in one direction; 

a second step of reading out column data or row data from said first interleaver, writing said read out data 
to a second interleaver, which has a size different from a size of said first interleaver, in one direction, and 
repeating said reading out column data or row data and said writing read out data column by column or 
row by row; 

repeating a third step of performing said second step wherein each of a plurality of said second 
interleavers generated by said second step is regarded as said first interleaver, and 
reading out data from each of interleavers generated by repeating said third step or by performing said 
second step, and outputting said interleaved data series. 



3. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

a first step of writing said data series to a first interleaver in one direction; 

a second step of reading out column data or row data from said first interleaver, writing said read out data 
to a second interleaver, which has a size different from a size of said first interleaver, in one direction, and 
repeating said reading out column data or row data and said writing read out data column by column or 
row by row; 

a third step of reading out data column by column or row by row from each of interleavers generated by 
said second step, and writing said data to an interleaver which has a size the same as the size of said first 
interleaver, and 

reading out data from said interleaver generated by said third step, and outputting said interleaved data 
series. 



4. The interleaving method as claimed in claim 3, characterized by: 

a fourth step of performing said second step and said third step wherein said interleaver generated by said 
third step is regarded as said first interleaver, reading out data from an interleaver generated by repeating 
said fourth step once or a plurality of times, and outputting said interleaved data series. 



5. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

storing a plurality of interleaving patterns in a table beforehand; 

applying one of said interleaving patterns to said input data series by referring to said table and outputting 
data, and 

repeating a step of applying one of said interleaving patterns to said output data, and outputting said 
interleaved data series. 
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6. The interleaving method as claimed in claim 5, characterized in that an interleaving pattern is stored in 
said table according to said interleaving method as claimed in any one of claims 1-4. 

7. A method for generating an interleaving pattern description of an interleaving pattern for interleaving an 
input data series of a unit length and outputting an interleaved data series of the unit length, characterized 
by: 

generating said interleaving pattern description of a third unit by using an interleaving pattern description 
of a first unit and an interleaving pattern description of a second unit. 

8. The method for generating an interleaving pattern description, characterized by generating said 
interleaving pattern description of a predetermined length unit by using said method for generating an 
interleaving pattern description as claimed in claim 7 for a plurality of times. 

9. The method as claimed in claim 7 or 8, characterized in that said interleaving pattern description is an 
interleaving pattern table or an interleaving pattern equation which describes an interleaving pattern. 

10. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

generating an interleaving pattern description of a third unit by using an interleaving pattern description of 
a first unit and an interleaving pattern description of a second unit, and 
interleaving with said generated interleaving pattern description. 



11. An interleaving method for inputting a data series of a unit length and outputting an interleaved data 
series of the unit length, characterized by: 

calculating interleaving destinations in a series of a third unit with an interleaving pattern description of a 
first unit and an interleaving pattern description of a second unit, and 
interleaving with the result of the calculation. 



12. An interleaving method characterized by: 

generating an interleaving pattern description of a first unit and an interleaving pattern description of a 
second unit by using the interleaving pattern description generated by said method as claimed in claim 7 
or 8, 

interleaving a data series of a third unit by calculating from said interleaving pattern description of a first 
unit and said interleaving pattern description of a second unit. 



13. The interleaving method as claimed in any one of claims 10-12, characterized in that said interleaving 
pattern description is an interleaving pattern table or an interleaving pattern equation which describes an 
interleaving pattern. 

14. A method for generating an interleaving pattern description of an interleaving pattern for interleaving 
an input data series of a unit length and outputting an interleaved data series of the unit length, 
characterized by: 

interpreting an interleaving pattern description language which defines an interleaving pattern, and 
generating an interleaving pattern description by using said method as claimed in claim 9 on the basis of 
said interpretation. 



15. The method as claimed in claim 14, characterized in that if an interleaving pattern description 
corresponding to a part of said interleaving pattern description language is stored, said interleaving pattern 
description is generated with reference to said stored interleaving pattern description without performing a 
process corresponding to said part of said interleaving pattern description language, when generating an 
interleaving pattern. 

16. The interleaving method characterized by: 
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interpreting an interleaving pattern description language which defines an interleaving pattern, and 
interleaving by said interleaving method as claimed in claim 13 on the basis of said interpretation. 



17. The interleaving method as claimed in claim 16, characterized in that if an interleaving pattern 
description corresponding to a part of said interleaving pattern description language is stored, said 
interleaving pattern description is generated with reference to said stored interleaving pattern without 
performing a process corresponding to said part of said interleaving pattern description language, when 
interleaving. 

18. A method for generating an interleaving pattern description of an interleaving pattern for interleaving 
an input data series of a unit length and outputting an interleaved data series of the unit length, 
characterized by: 

determining an interleaving pattern description of a first stage when a unit length is given, and 
generating an interleaving pattern description by repeating a process of determining interleaving patterns 
corresponding to interleavers of a column and a row of a stage after said first stage until reaching any 
stage or until becoming unable to interleave. 



19. A method for generating an interleaving pattern description of an interleaving pattern for interleaving 
an input data series of a unit length and outputting an interleaved data series of the unit length, 
characterized by: 

checking an interleaving pattern description which is generated; 

generating an interleaving pattern description again after changing all or a part of parameters if the result 
of said checking is unsuccessful, and 

repeating said checking and said generation until the result of said checking becomes successful so as to 
generate an interleaving pattern description which passed said checking. 



20. The method as claimed in claim 18 or 19, characterized in that said interleaving pattern description 
which is generated is an interleaving pattern table or an interleaving pattern equation or an interleaving 
pattern description language. 

21. A method for generating an interleaving pattern description of an interleaving pattern for interleaving 
an input data series of a unit length and outputting an interleaved data series of the unit length, 
characterized by: 

a step of determining, when a unit length is given, the number of rows or columns of a block interleaver 
corresponding to said unit length by using an interleaving pattern list suitable for a predefined application 
target and defining the number of columns or rows from said determined number of rows or columns, and 
generating an interleaving pattern of said unit length from interleaving patterns obtained by repeating said 
step until said defined number of columns or said defined number of rows is defined in said interleaving 
pattern list. 



22. The method as claimed in claim 21, characterized by: 

a first step, which is a process of a first stage, of determining the number of rows or the number of 
columns of a block interleaver corresponding to a unit length which is given beforehand by a defined 
number, assuming an interleaving pattern corresponding said defined number as a predefined interleaving 
pattern, and defining the number of rows by using said determined number of columns or defining the 
number of columns by using said determined number of rows; 

a second step of determining the number of rows or the number of columns of a block interleaver 
corresponding to said defined number of rows or said defined number of columns by using an interleaving 
pattern list suitable for a predefined application target, and defining the number of columns from said 
determined number of rows or defining the number of rows from said determined number of columns; 
a third step of repeating said second step until an interleaving pattern corresponding to the number of 
rows or columns exists in said predefined interleaving pattern list; 

performing said third step a number of times equal to the number of rows or columns corresponding to 
said predefined interleaving pattern in said first step, and 

generating an interleaving pattern corresponding to the row or the column of a former stage sequentially 
from an interleaving pattern corresponding to the row and the column which is generated in a final stage. 
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23. The method as claimed in claim 21 or 22, further characterized in that said generated interleaving 
pattern of said unit length is checked and an interleaving pattern of said unit length is generated again 
according to the result of said checking. 

24. The method as claimed in claim 22 or 23, characterize in that said application target is turbo code and 
the number of rows of said first stage is 7. 

25. The method as claimed in claim 22 or 23, characterize in that said application target is transmission 
and the number of columns of said first stage is the number of slots of one frame. 

26. An interleaving device for inputting a data series of a unit length and outputting interleaved data series 
of the unit length, characterized by: 

means which stores one or a plurality of interleaving patterns in a table beforehand; 

means which outputs data by applying one of said plurality of interleaving patterns, and 

means which outputs said output data by further applying one of said plurality of interleaving patterns as 

necessary. 



27. The interleaving device as claimed in claim 26, characterized in that said table stores an interleaving 
pattern by said interleaving method as claimed in one of claims 1-4. 

28. The interleaving device as claimed in claim 26, characterized in that said interleaving pattern is 
generated by said interleaving pattern generating method as claimed in claim 21. 

29. The interleaving device as claimed in one of claims 26 - 28, characterized in that interleaving 
destinations of an input data series are calculated, and the interleaving is performed on the basis of said 
calculation and data is output instead of using an interleaving pattern. 

30. A computer readable medium storing a program for description and generation of an interleaving 
pattern in an interleaving method for inputting a data series of a unit length and outputting an interleaved 
series of the unit length, said program characterized by: 

a step of determining the number of rows or columns of a block interleaver corresponding to a unit length 
which is given beforehand by using an interleaving pattern list suitable for a predefined application target 
and defining the number of columns from said determined number of rows or the number of rows from 
said determined number of columns, and 

generating an interleaving pattern of said unit length from interleaving patterns obtained by repeating said 
step until said defined number of columns or said defined number of row is defined in said interleaving 
pattern list. 



31. The computer readable medium storing a program for generation of an interleaving pattern as claimed 
in claim 30, said program characterized by: 

a first step, which is a process of a first stage, of determining the number of rows or the number of 
columns of a block interleaver corresponding to a unit length which is given beforehand by a defined 
number, assuming an interleaving pattern corresponding said defined number as a predefined interleaving 
pattern, and defining the number of rows by using said determined number of columns or defining the 
number of columns by using said determined number of rows; 

a second step of determining the number of rows or the number of columns of a block interleaver 
corresponding to said defined number of rows or said defined number of columns by using an interleaving 
pattern list suitable for a predefined application target, and defining the number of columns from said 
determined number of rows or defining the number of rows from said determined number of columns; 
a third step of repeating said second step until an interleaving pattern corresponding to the number of 
rows or columns exists in said predefined interleaving pattern list; 

performing said third step a number of times equal to the number of rows or columns corresponding to 
said predefined interleaving pattern in said first step, and 

generating an interleaving pattern corresponding to the row or the column of a former stage sequentially 
from an interleaving pattern corresponding to the row and the column which is generated in a final stage. 



32. The computer readable medium storing a program for generation of an interleaving pattern as claimed 
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in claim 30 or 31 , said program further characterized in that said generated interleaving pattern of said unit 
length is checked and an interleaving pattern of said unit length is generated again according to the result 
of said checking. 

33. The computer readable medium storing a program for generation of an interleaving pattern as claimed 
in claim 31 , characterize in that said application target is turbo code and the number of rows of said first 
stage is 7. 

34. The computer readable medium storing a program for generation of an interleaving pattern as claimed 
in claim 31, characterize in that said application target is transmission and the number of columns of said 
first stage is the number of slots of one frame. 
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